Introduction
Rice (Oryza sativa L.) is one of the most important cereal crops cultivated in the world; it feeds more than half of the world's population (Xue et al., 2008) . Rice is primarily processed and consumed as a whole grain. Rice grain quality is an important economic trait that influences rice production in many rice-producing areas. Although the fat or oil in rice grain is low (i.e., 2 − 3%) and is concentrated in the germ and bran, it is a key determinant of the processing and cooking quality of rice (Zhou et al., 2002a) . For instance, the surface lipid content has been thought to be an indication of the degree of milling (Siebenmorgan and Matsler, 2006) . In addition, rice lipid, which frequently forms complexes with starch granules, was shown to affect starch gelatinization, water availability to starch, and rice swelling and thus influences the eating and cooking qualities of rice (Champagne et al., 1990; Marshall et al., 1990; Tester and Morrison, 1990) .
Beside dietary consumption, the unique health benefits of rice fat, which includes many unsaturated fatty acids, has drawn much attention (Jennings and Akoh, 2009) . A number of studies have shown that rice bran oil reduces the harmful cholesterol (low-density lipoprotein) without changing good cholesterol (high-density lipoprotein) in plasma (Kahlon et al., 1992; Sugano and Tsuji, 1997; Wilson et al., 2007) . In addition, rice bran oil, which is rich in tocotrienol (Vitamin E), has anti-cancer and anti-radiation effects (Sugano and Tsuji, 1997) . On the other hand, some reports have shown that the hydrolysis and oxidation of rice fat are responsible for rice aging and deterioration of grain flavor during storage, and low-oil rice cultivars are more suitable for storage (Zhou et al., 2002b) . Therefore, it is important to determine the genetic character of rice fat synthesis in order to further develop both high-oil and low-oil rice cultivars to address different market needs.
To the best of our knowledge, no data has been reported about the endogenous tocochromanols in relation to triacylglycerols (TAG) molecular species and fatty acids (FA) distribution of rice bran cultivars. Therefore, the focus of the present study was to investigate the tocochromanol and (Folch et al., 1957) . These solvents contained 0.01% butylated hydroxytoluene to inhibit oxidative degradation of lipids during analysis. Namely, the extraction was repeated thrice, and the individual extracts were vacuum-filtered through defatted filter paper on a Buchner funnel. These filtrates were combined and dried in a rotary vacuum evaporator at 35℃. The residue was dissolved in 100 mL chloroform/methanol (2:1, v/v). Then, 20 mL aqueous KCl (0.75%) was added and mixed vigorously. After phase separation, the chloroform layer was removed, dried over anhydrous Na 2 SO 4 , filtered, and the filtrate was concentrated under vacuum in a rotary evaporator at 35℃. The extracted lipids were weighed to determine the lipid content of the rice bran and then transferred to a 25-mL brown-glass volumetric flask with chloroform/ methanol (2:1, v/v) and kept under nitrogen at −35℃ until further use.
Analysis of tocochromanols Analysis of tocochromanols in the lipids was performed by HPLC according to the methods reported previously . Briefly, 300 mg lipid was weighed directly into a 2 mL volumetric flask and mixed with the mobile phase (n-hexane/1,4-dioxane/ ethanol, 490:10:1, by volume) used for HPLC analysis. An aliquot (10 μL) from the sample solution was subjected to HPLC analysis , and the amount of each tocochromanol was determined with a fluorescence detector (Shimadzu RF-10 AXL, Kyoto, Japan) set at an excitation wavelength of 295 nm and an emission wavelength of 320 nm, and quantified as previously reported . The other HPLC conditions were as previously reported (Yoshida et al., 2009) .
Lipid analysis According to the previously outlined procedure (Yoshida et al., 2009) , total lipids were separated by TLC into eight subfractions with a solvent system of n-hexane/diethyl ether/acetic acid (80:20:1, v/v/v) . Bands corresponding to HC, SE, TAG, unknown, FFA, 1,3-DAG, 1,2-DAG and phospholipids (PL) were scraped into separate test-tubes (105 × 16 mm; poly (tetrafluoroethylene)-coated screw caps). Methyl pentadecanoate (10 − 100 μg) from a standard solution (5 mg/mL) was added to each tube as the internal standard with a microsyringe (Hamilton Co., Reno, NV, USA), except that pentadecane (10 μg) was used as the internal standard for HC analysis. FAME were prepared from the isolated lipids by heating with silica gel for 30 min at 80℃ in BF 3 /methanol (3 mL) on an aluminum block (Kitts et al., 2004) . After cooling, 5 mL of n-hexane was added to each tube and washed several times with deionized water to remove the BF 3 and silica gel. The n-hexane layer containing the FAME was recovered and dried over anhydrous Na 2 SO 4 . The solvent was then vaporized under a gentle stream of nitrogen, and the residue was quantified by gas chromatogmolecular species of TAG in an attempt to evaluate the composition and quality characteristics of five different rice bran cultivars.
Materials and Methods
Rice grains Commercially available mature rice grains (Oryza sativa var japonica) used in this study were from the five different Japanese cultivars: Koshihikari, Haenuki, Akitakomachi, Hitomebore and Sasanishiki. The grains were harvested in different districts of Japan in fall, 2010. The grains for analysis were hand-selected to eliminate cracked or otherwise damaged grains. Rice grains were sealed in a stainless steel container and stored at −35℃ until analysis.
Reagents and standards All solvents and chemicals were of analytical grade (Nacalai Tesque, Kyoto, Japan), but diethyl ether was further purified to remove peroxides. Thinlayer chromatography (TLC) plates (silica gel 60 G, 20 × 20 cm, 0.25 mm thick) were obtained from Merck (Darmstadt, Germany) . Vitamin E homologues (α, β, γ and δ) were acquired from Sigma-Aldrich Co. (St. Louis, MO, USA). All tocopherols were of the d-form (RRR-), and their purities were better than 98.5% as determined by high-performance liquid chromatography (HPLC) using 2,2,5,7,8-pentamethyl-6-hydroxychroman as the internal standard, as described in a later section. The TLC standard mixture, containing monoacylglycerols (MAG), diacylglycerols (DAG), free fatty acids (FFA), triacylglycerols (TAG), steryl esters (SE) and hydrocarbons (HC), was purchased from Nacalai Tesque. Standard TAG (glyceryl trimyristate, glyceryl tripalmitate, glyceryl tristearate, glyceryl trioleate, glyceryl trilinoleate and glyceryl trilinolenate) was procured from Sigma-Aldrich Co.
Lipase from porcine pancreas was obtained from SigmaAldrich Co., and used after purification with acetone and then diethyl ether, as described previously (Yoshida and Alexander, 1983) . Glyceryl-sn-1,3-myristate-sn-2-oleate (Sigma-Aldrich Co.) was used as the TAG standard for enzymatic hydrolysis. Fatty acid methyl esters (FAME) standards (F & OR mixture #3) were obtained from Altech-Applied Science (State College, PA, USA). The internal standards, pentadecane and methyl pentadecanoate, were purchased from Merck, and then 100 mg of each was dissolved in nhexane (20 mL). Boron trifluoride (BF 3 ) in methanol (14%; Wako Pure Chemical Inc., Osaka, Japan) was used to prepare the FAME.
Extraction of lipids Rice bran of each cultivar (1 kg) was milled by a domestic miller (BR-CA25, Zojirushi Ltd., Osaka, Japan) such that rice bran was well-milled before extraction. Total lipids were extracted from 20 g of bran in 300 mL chloroform/methanol (2:1, v/v) with vigorous shaking for 15 min at 0℃ three times, following the Folch procedure known standards. Peak areas were calculated by the addition of a known amount (50 μg) of glyceryl trimyristate as the internal standard, using an electronic integrator (Shimadzu C-R6A).
TAG species composition Molecular species separation from total TAG was carried out by AgNO 3 -TLC according to the method reported by Bilky et al. (1991) . Briefly, plates were coated to 0.25 mm thickness with a slurry of 45 g silica gel 60 G (Merck) and 9.0 g AgNO 3 dissolved in 100 mL deionized water. Freshly prepared plates were activated at 120 − 125℃ for 12 h, and then stored in the dark in a desiccator before use.
TAG classes differing in unsaturation degree were isolated by AgNO 3 -TLC using 1.2 − 2.8% (v/v) methanol in chloroform, depending on the degree of unsaturation (Ham et al., 2005) . In the case of rice bran TAG, two solvents of increasing polarity were required to separate the lipid classes. The plates (20 × 20 cm) were streaked with 10 to 15 mg TAG using a microsyringe, developed with 1.2% (v/v) methanol in chloroform, and S 3 , S 2 M, SM 2 , S 2 D, M 3 , SMD and SD 2 were easily separated. The second TAG molecular species such as SMT, M 2 D, MD 2 , SDT, D 3 , MDT, MT 2 , and D 2 T (where S, M, D and T denote saturated FA, monoene, diene, and triene, respectively) were separated by developing the plate with 2.8% (v/v) methanol in chloroform. To obtain a good separation, it was very important to use a small sample size (12 mg/TLC). The separation was adjusted according to the humidity and temperature conditions. Individual TAG bands were detected by spraying the plate with 0.1% 2',7'-dichlorofluorescein (Nacalai Tesque) in methanol and viewing under ultraviolet (254 or 365 mm) radiation. Each TAG subfraction was identified by comparison with the R f -values of the TAG standard. Each band was recovered from the plate by extraction with 3.0% aqueous HCl in the purified diethyl ether. The combined extracts with the diethyl ether were purified by alumina column chromatography (30 × 5.0 mm i.d., alumina column; Biomedicals, Eschwege, Germany) to remove 2',7'-dichlorofluorescein. In preliminary repeated experiments, it was confirmed that each TAG class was fully recovered ( > 98.0%) by passing TAG standards through the alumina column using this procedure.
The solvent was then vaporized in small glass tubes under a gentle stream of nitrogen. Methyl pentadecanoate (10 − 50 μg) of the standard solution (2 − 10 μL; 5 mg/mL) was added to each tube as the internal standard. After methylation of all TAG subfractions, the relative amount of each TAG fraction was quantified by GC as described above and then by comparison of the FAME within each TAG fraction containing the internal standard.
Statistical analyses All experiments were repeated at raphy (GC, 14B GC Shimadzu) equipped with a hydrogen flame ionization detector (FID) at 350℃ and a polar capillary column (ULBO HE-SS-10 for FAME, fused silica WCOT [no. PSC5481], cyanopropyl silicone, 30 m × 0.32 mm i.d.; Shinwa Chem. Ind., Ltd., Kyoto, Japan). Helium was used as the carrier gas at a flow rate of 1.5 mL/min, and the GC was operated under a constant pressure of 180 kPa. Both injection and detector temperatures were set at 250℃. The oven temperature was programmed from an initial temperature of 180℃ (held for 2 min), and increased to 200℃ at a rate of 2℃/min, and then held isothermally (200℃) for 15 min. All samples were dissolved in n-hexane for injection. The component peaks were identified and compared against that of the standard FAME using an electronic integrator (Shimadzu C-R6A). The detection limit was 0.05 wt-% of total FA for each FAME in the FAME mixture, and the results are expressed as wt-% of total FAME. The other GC conditions were as previously reported (Yoshida et al., 2009) .
Enzymatic hydrohysis of TAG TAG hydrolysis was carried out as previously reported (Yoshida and Alexander, 1983) . A 30-min reaction was selected based on the preliminary results using the standard TAG (glyceryl-sn-1,3-myristate-sn-2-oleate: Sigma Chemicals Co.). After approximately 60% of the TAG was hydrolyzed, 0.5 mL of 6 M HCl and 1 mL ethanol were added to stop the reaction. In the preliminary study, no FA (oleic acid) at the sn-2 position of the standard TAG was transferred to the sn-1 or sn-3 position at 60% hydrolysis for 30 min. The reaction products were separated by TLC as previously described (Yoshida and Alexander, 1983) . The FFA and sn-2 MAG bands were carefully scraped into test tubes and then methylated (Kitts et al., 2004) . The procedure was checked by comparing the FA compositions of the original TAG and the TAG remaining after partial hydrolysis.
TAG analysis The TAG isolated by TLC was directly analyzed by GC according to a previously described method (Molkentin, 2007) , using the Shimadzu Model-14A GC equipped with a hydrogen FID. A glass column (500 × 3.0 mm i.d.; Shimadzu) packed with 2.0 wt-% OV-17 (phenyl methyl silicone; Nishio Co., Tokyo, Japan) supported on 80/100 mesh silanized Shimalite W. Helium was used as the carrier gas at a flow rate of 50 mL/min. The injection and detection port temperatures were set at 320 and 350℃, respectively. The oven temperature was programmed to increase from an initial temperature of 285℃ (held for 5 min) to 320℃ at a rate of 2℃/min, and then held isothermally (320℃) for 20 min. All samples were dissolved in n-hexane and an aliquot (5 μL) was injected with the microsyringe. TAG peaks were identified by co-chromatography with enols have been suggested to suppress the effects of reactive oxygen species more effectively than tocopherols, and different studies of in vitro and in vivo effects indicate that tocotrienols may lower cholesterol levels and suppress tumor growth (Schaffer et al., 2005) . Published data related to the tocopherol and tocotrienol content of these rice lipids is lacking and comparison is not currently possible.
Lipid compositions in the rice bran cultivars Profiles of the different lipid classes in the five rice bran cultivars were compared (Table 2 ). Predominant components were TAG (84.7 − 86.0%), followed by FFA (4.2 − 4.6%) and PL (6.5 − 6.7%), accompanied by very small amounts (0.2 − 1.8%) of other lipid components. When comparing the eight lipid components among all five cultivars, with a few exceptions, no substantial difference (P > 0.05) in the content of the lipid components could be observed using values estimated by combining TLC and GC, using the internal standard (C15:0). Presumably, the minor components, such as FFA, 1,3-and 1,2-DAG, may be due to the partial enzymatic hydrolysis of reserve TAG during storage of the rice seeds (Aboul-Nasr et al., 1997). The lipid components resulting from 'fat by hydrolysis' in starch granules were examined, showing the presence of FFA with lysolecithin and lysoglycolipids (Hirayama and Matsuda, 1973) .
FA composition of major lipids in the rice bran cultivars
three times. The results were subjected to one-way analysis of variance (ANOVA) (Steel et al., 1995) . Significant differences (P < 0.05) were identified using multiple comparison tests, following a previously described method (Baker, 1980) .
Results and Discussion
Tocochromanol contents in the rice bran cultivars The lipid content of the rice samples ranged from 21.8 to 23.2% (data not shown). No significant differences (P > 0.05) in the percentage of lipid content were observed among the five cultivars. As shown in Table l , with a few exceptions, the predominant tocols were γ-tocotrienol (673 − 695 mg/ kg lipid) and α-tocopherol (560 − 58l mg/kg lipid), followed by α-tocotrienol (146 − 167 mg/kg lipid) and δ-tocotrienol (23.9 − 27.3 mg/kg lipid) with much smaller amounts of γ-tocopherol (16.0 − 19.1 mg/kg lipid) and β-tocopherol (4.6 − 6.5 mg/kg lipid). The main vitamin E homologue was α-or γ-isomer among tocopherols or tocotrienols, respectively. Vitamin E is represented by α-, β-, γ-, and δ-tocopherol, and α-, β-, γ-, and δ-tocotrienol, all of which occur in nature, and 14 vitamins are theoretically possible (Bramley et al., 2000) . All tocopherols are considered to have a vitamin E effect. However, α-tocopherol is regarded as the most active and predominant form (Bender and Mayes, 2003) . Tocotri-H. yosHida et al. Fig. 2 . Fifteen different molecular species were detected among TAG isolated from these rice bran lipids. These molecular species were arranged according to the degree of unsaturation on the acyl-chain length of TAG (from top to bottom in Fig. 2, respectively) . In the five cultivars, the major TAG molecular species were S 2 M (PPO or PStO or StStO), SM 2 (POO or StOO), S 2 D (PPL or PStL or StStL), M 3 (OOO), SMD (POL or StOL), SD 2 (PLL or StLL), M 2 D (OOL), MD 2 (OLL), SDT (PLLn or StLLn) and D 3 (LLL). On the other hand, the other species (S 3 ; PPP or PPSt or StStSt, SMT; POLn or StOLn, MDT; OLLn, MT 2 ; OLnLn and D 2 T; LLLn) were minor components (less than 2.7%). However, the three-letter designation does not suggest regioselective positional isomers of fatty acyl in the TAG: P, palmitic (16:0), St, stearic (18:0); O, ; L, linoleic (18:2n-6); Ln, α-linolenic (18:3n-3) FA moieties. Thus, these distribution TAG, FFA or PL among all five cultivars. These lipids presented with high amounts of total unsaturated FA, particularly linoleic (18:2n-6) and oleic (18:1n-9) acids, which accounted for 78.0 − 78.6% (total lipids), 80.4 − 81.3% (TAG), 71.1 − 72.3% (FFA) and 77.9 − 78.5% (PL), respectively. Some differences (P < 0.05) in FA composition were noted when the four lipid classes (total lipids, TAG, FFA and PL) as shown in Table 3 . With a few exceptions, the percentage of palmitic (16:0) acid was significantly (P < 0.05) higher in the FFA than that in the total lipids, TAG and PL fractions. On the other hand, the percentage of linoleic (18:2n-6) acid was higher (P < 0.05) in the PL than in the total lipids, TAG and FFA fractions ( Table 3 ). The percentage of oleic (18:1n-9) was significantly higher (P < 0.05) than that of linoleic (18:2n-6) in the total lipids, TAG and FFA fractions. However, these FA profiles are not similar to the results observed for typical vegetable seeds, such as kidney beans (Mabaleha and Yeboa, 2004) or peas (Yoshida et al., 2007) . The data for FA distribution of minor lipid components (SE, 1,3-and 1,2-DG ) as shown in Table 2 , were not included in Table 3 because these lipid components were too small to be reliably analyzed for the FA distributions. Therefore, we would like to consider these in our future work.
The characteristics of component and positional distribution of FA in the TAG were compared among the three cultivars (Table 3) ; the data for Sasanishiki and Hitomebore were omitted as their distribution patterns were very similar to those of Koshihikari, Haenuki and Akitakomachi. Linoleic (18:2n-6) was predominantly (50.2 − 52.3%) concentrated in the sn-2 TAG molecules, while saturated FA such as palmitic (16:0) and stearic (18:0) acids were primarily sn-1 or sn-3 TAG molecules. With a few exceptions, however, oleic acid (18:1n-9) was almost evenly distribution in the sn-1, 2 or 3 molecules, corroborating results of previous researchers (Reske et al., 1997) . Taken together, the positional distributions of FA in the TAG were very similar to the results obtained from other plant seed lipids of soybeans and corn (Arcos et al., 2000) .
Distribution of TAG molecular species Total carbon number (TCN) in acyl-chain within TAG of the five cultivars ranged from 48 to 56 as listed in Fig. 1 . For example, this means that in the case of tristearin, TCN becomes 54. Each value is the mean of triplicate determinations and is expressed as milligram lipid per 20 g bran. Dominant components were 52 (35.4 − 35.7%) and 54 (57.3 − 57.7%) TAG, followed by small amounts of 50 (6.0 − 6.3%), 56 (0.3 − 0.4%) and 48 (0.3 − 0.4%) TAG, respectively.
The FA compositions of the individual bands isolated by AgNO 3 -TLC were determined by GC; the distribution patterns of the individual TAG molecular species are shown in ing Alzheimer's disease (Morris et al., 2005) . The lipids of these rice bran cultivars comprised mainly TAG, FFA, and phospholipids, while other components were present in minor proportions. With few exceptions, no significant differences (P > 0.05) in FA distribution were found among these cultivars. Fifteen TAG molecular species were identified and quantified by a combination of AgNO 3 -TLC and GC. The main components were triolein (17.1 − 18.5%), palmitoleolinolein or stearoleolinolein (7.6 − 8.2%), dioleolinolein (14.8 − 15.4%), oleodilinolein (9.3 − 10.6%) and trilinolein (12.3 − 13.5%). In general, the distribution profiles were not significantly different (P > 0.05) among the five cultivars, suggesting similar TAG molecular species and tocochromanol distributions. The results showed that rice bran extracts contain large amounts of nutraceuticals with proven positive health effects.
patterns in the molecular species of TAG were very similar among the five cultivars. However, the data for Haenuki and Hitomebore were omitted as their distribution patterns were very similar to those of Koshihikari, Akitakomachi and Sasanishiki.
Conclusions
The lipids extracted from rice bran cultivars was determined by HPLC for endogenous tocochromanols and further analyzed by a combination of AgNO 3 -TLC and GC for the molecular species of TAG. The predominant components were γ-tocotrienol, α-tocopherol and α-tocotrienol with much smaller amounts of β-and γ-tocopherol. A combination of tocopherols and tocotrienols, preferably from natural sources, has been suggested to be an essential part of a diet preventTocochromanols and Triacylglycerols in Rice Bran Cultivars S3  S2M  SM2  S2D  M3  SMD  SD2  SMT  M2D  MD2  SDT  D3  MDT  MT2  D2T   S3  S2M  SM2  S2D  M3  SMD  SD2  SMT  M2D  MD2  SDT  D3  MDT  MT2  D2T   S3  S2M  SM2  S2D  M3  SMD  SD2  SMT  M2D  MD2  SDT  D3  MDT  MT2 
